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REDUCTION  IN  THE  NOISE  IN  VICINITIES  OF  AIRPOBTS  WITH  THE  AID  OF  THE 
OPTINOn  METHODS  OF  PILOTING  JET  AIRCRAFT  WITH  TAKEOFF. 

V.  Te.  Kvitke,  B.  N.  Melnikov,  V-  I.  Tokarev. 

Pa  ge  3 . 

The  increase  of  the  noise  levels  in  the  vicinities  of 
contemporary  airports  and  dissatisfaction  by  the  population  living 
near  are  caused  by  a first  of  all  rapid  increase  in  the  park/fleet  of 
jet  aircrafts,  intensity  of  their  operation,  and  also  the  number  of 
airports  with  densly  populated  vicinities;  by  the  continuous 
approach/i pproxima tion  of  habitable  array  to  airport  boundaries. 
Therefore  it  is  not  random  the  noise,  created  in  locality,  it  is  one 
of  the  most  important  operational  characteristics  of  contemporary 
passenger  aircraft.  At  the  international  conference  on  a reduction  in 
the  noise  of  passanger  aircraft  (London,  1 966)  it  was  noted  that  the 
problem  of  a reduction/descent  in  the  noise  on  importance  and  in 
complexity  of  the  solved  guestions  is  the  second  after  the  provision 
for  safety  of  flights  (1).  Only  the  complex  development  and 
systematic  introduction  of  the  measures,  which  provide  for  a 
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reduction  in  the  noise  in  the  source  and  not  the  ways  of  its 
propagation,  for  exaaple,  because  of  the  creation  of  less  noisy 
aircraft,  application/use  of  special  procedures  of  piloting, 
construction-planning  measures  and  special  methods  of  the 
organization  of  air  movement,  makes  it  possible  to  successfully  solve 
this  problem. 

Practical  propositions  for  the  further  improvement  of  the 
methods  of  a reduction/descent  in  the  noise  in  the  vicinities  of 
airports  were  introduced  at  special  conference  ICAO  (Montreal,  1969) 
on  the  noise  of  the  aircraft,  where,  in  particular,  was  agreed  on  and 
was  accepted  standard  ICAO,  the  limiting  noise  during  the  operation 
of  subsonic  transport  aircraft  [ 21. 

Page  4. 

The  project  of  similar  state  standard  is  developed  in  our  country 

[3]. 

Along  with  the  implementation  of  limitations  on  the  noise  of  new 
passenger  aircraft  vital  importance  acquires  a reduction/descent  in 
the  irritating  effect  of  aircraft  noise  on  population  because  of  the 
perfection/improvement  of  the  methods  of  the  operation  of 
contemporary  aircraft. 
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Published  wDck  is  several  reworked  versions  of  coverage, 
prepared  for  the  inforaation  of  the  neaber  nations  of  COHECON  [99sp04 
- Council  foe  *lutual  Economic  Assistance]  and  executed  in  accordance 

with  the  branch  current  plan  for  the  coordination  of  scientific  and 
technical  investigations,  conducted  by  the  aeafcer  countries  of 
COMECON  in  the  range  of  air  transport. 


I.  Operational  methods  of  a reduct  ion/descent  in  the  noise  of 
aircraft  with  takeoff. 


In  essence  around  many  large  airports  are  close  habitable  arrays 
with  the  high  density  of  population.  The  introduction  of  limitations 
on  noise  and  the  zoning  of  the  vicinities  of  airports  in  the  future 
will  lead  to  a considerable  reduction/descent  in  the  noise  ; in  the 
present  time  a decrease  of  the  irritating  effect  of  noise  is  achieved 
because  of  the  application/use  of  the  special  operational  methods 
whose  selection  depends  on  local  conditions,  first  of  all  on  the 
topographic.  As  rule,  most  is  effective  the  use  of  routes,  not 
connected  with  the  flight/span  of  the  populated  areas  at  low 
altitude.  In  other  airports  can  be  required  other  methods,  which 
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consider  the  factor  of  safety  and  cost-ef fectiveness/eff icienc y of 
f 1 ights. 

The  operational  procedures,  directed  toward  the  lowecing  of 
noise  during  takeoff  of  aircraft,  include: 

a)  the  initial  clinb  with  considerable  gradient  for  providing 
the  greatest  height/altitude  during  approach  to  the  colonized 
local ity ; 

b)  a reduction  in  the  engine  power  rating  with  flight  over 
populated  areas; 

c)  the  execution  of  turns  to  the  side  from  the  populated  areas; 

d)  the  use  preferable  from  the  conditions  of  noise  runways; 

e)  the  use  of  the  so-called  routes  of  the  minimum  noise. 


Page  5. 

In  all  cases,  with  the  exception  of  the  second,  a 
reduction/descent  in  the  irritating  effect  of  noise  is  achieved 
because  of  an  increase  in  the  distance  between  the  source  of  noise 
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and  the  populated  areas  or  decrease  in  the  quantity  of  flights  above 
then;  in  the  case  of  throttling  of  engines  - because  of  a decrease  in 
the  eaission/radia tion  by  source.  This  method  is  most  effective  for  a 
single-circuit  and  turbofan  engine  (TRDD  [ - turbofan  engine]) 

with  low  bypass  ratio,  for  which  by  the  determining  noise  source  is 
exhaust  jet  with  comparatively  high  discharge  velocity. 

During  the  development  of  common/general/total  recommendations 
regarding  aircraft  handling  taking  into  account  the  enumerated 
methods  of  a reduction/descent  in  the  noise  is  necessary  the  account 
of  the  following  initial  principles: 

a)  the  methods,  directed  toward  a decrease  in  the  noise,  must 
not  reduce  flight  safety  to  unacceptable  level; 

b)  the  craft  commander  right  to  disregard  methods  on  a 
reduction/descent  in  the  noise,  if  it  considers,  that  in  diurnal 
situation  they  are  unsafe.  This  is  rightly  reflected  in  appendices  2 
and  6; 


c)  the  methods,  directed  toward  a reduction/descent  in  the 
noise,  one  should  introduce  only  in  those  airports,  for  which  the 
noise  is  really/actually  problem; 
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d)  the  use  of  the  nethods  of  a reduction/descent  in  the  noise 

aust  not  require  of  the  pilot  of  qualification  higher  than  the 
average. 

The  need  for  the  execution  of  these  principles  will  be 
emphasized  in  the  decisions  of  special  conference  ICAO  on  noise  [4], 

1.  Increase  in  the  gradient  of  the  initial  climb. 

One  of  the  important  cell/elements  of  the  special  nethods  of 
piloting  for  a red  action/descent  in  the  noise  with  taheoff  of 

aircraft  is  the  realization  of  the  optimum  values  of  gradients  of  the 
initial  climb.  The  principle  of  reduction  in  the  noise  in  this  case 
is  based  on  an  increase  of  the  distance  to  noise  source.  Plight  with 
insignificant  acceleration  after  liftoff  and  maintaining  attained 

speed,  constant  in  further  set,  it  provides  approximately  two  times 
the  wide  angles  initial  the  climb  in  comparison  with  the  flight, 
during  which  is  realize/accomplished  the  continuous 
acceleration/dispersal  of  aircraft.  Under  other  various  conditions 
this  reduces  noise  on  the  average  up  to  6 dB.  During  takeoff  by  this 
method  there  occurs  the  redistribution  in  the  balance  of  available 


thrust;  a large  part  of  it  is  expend/consuned  on  the  creation  of 
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vertical  velocity  • Page  6. 

with  the  usual  talceoff  with  continuous  acceleration/dispec sal,  which 
was  being  frequently  applied  it  is  earlier,  for  exanpla,  with  the  | 

operation  of  twin-engine  aircraft  of  the  type  Tu-104  and  Tu-124,  the  | 

thrust  equal  to  the  thrust  approximately  one  engine,  is  | 

expend/consumed  on  the  creation  of  the  increasing  motion  of  aircraft 

and  the  same  thrust  - not  overcoming  of  drag,  and  its  only  a small  1 

i 

fraction  (order  0.  1 thrust  of  one  engine)  - for  creation  y,  [ 5],  j 

For  providing  steep  trajectory  during  the  climb  the  flight  speed 
must  be  constant.  The  characteristic  value  of  flight  spaed  during  the  ' 

steady  climb  must  not  be  lower  than  maximum  value  from  the  number  of  j 

enumerated  values  [4]:  1.2  Vlie* , i.aV,  or  - 20  km/h)  determination  of 

values  , y,  and  is  given  in  circular  ICAO  No  58  - 

AII/53/2-RAnS). 

In  the  literature  most  frequently  as  the  recommended 
characteristic  flight  speed  is  used  the  last/latter  value. 

J 

The  noise,  created  in  locality  during  takeoff  of  this  type 
aircraft,  it  is  determined  by  two  basic  factors  - by  removal/distance 
to  aircraft  and  by  the  mode/conditions  of  the  operation  of  its 
engines.  1 


J 
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The  height/altitude  of  the  flight/span  of  aircraft  at  the 
assigned  removal/Jistance  from  the  beginning  of  t akeof f /ru n-up,  and 
the  consequently  also  created  by  it  noise,  they  depend  on  six 
* independent  variables,  namely  [ 6]; 

» -f  ( P.5.  S.K.C...V  ). 

where  P is  an  engine  thrust;  G - the  weight  of  aircraft;  S - wing 
area;  K is  the  coefficient,  which  considers  the  effect  of  induced 
drag  (it  is  deterained  by  known  relationship/ratios  C, • C».  ♦ C,;  • C,.  ♦ wCJ 
here  K = (vXe)  where  X - relative  wing  aspect  ratio,  and 

coefficient  e for  an  aircraft  as  a whole  can  vary  within  the  limits 
of  0.  75-0.  90; 

the  coefficient  of  drag  with  zero  lift;  V is  flight  speed. 

To  evaluate  the  acoustic  responses  of  aircraft  taking  off  at  the 
points  in  locality,  arrange/located  at  removal/distance  5 km  of 

the  beginning  of  takeoff/run-up,  can  be  used  simple  and  sufficiently 
precise  correlation  (Fig.  1): 

H - 9 , 


Jin  9 ■ S . 
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Page  7. 

Here  is  a thrust- weight  ratio  and  X/f  - the  ratio  of 

resisting  force  to  the  weight  of  aircraft. 

As  a result  of  the  generalization  of  the  characteristics  of  a 
series  of  subsonic  transport  aircraft  with  jet  engines  is  obtained 
the  semi-empirical  formula 


valid  for  a constant  flight  speed  “20  km/h,  where  Vj  is  a safe 
rate  of  climb. 

Utilizing  thase  relationship/ratios,  it  is  easy  to  obtain  finite 
formula  for  determining  the  height/altitude  of  the  flight/span  of  the 
aircraft  above  the  control  point. 

Gradient  during  the  climb,  as  can  be  seen  from  the  given  above 
relationship/ratios,  besides  other  factors,  depends  on  the  flap 
angle.  Therefore  it  is  considered  that  the  height/altit ude  of  the 
flight/span  of  the  control  point,  arrange/located  at  the  determined 
reraoval/distance  from  the  beginning  of  ta keoff /run-up,  can  be 
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increased  (and  to  consequently  also  lower  noise)  due  to  the  selection 
of  the  optimuB  flap  angle  with  takeoff. 

It  is  known  that  with  the  preservation/ret ention/iaintain ing  of 
the  certain  degree  of  flight  safety  the  low  flap  deflection  leads  to 
increase  of  takeoff  run  length  and  of  the  angle  of  the  initial  cliib. 
An  increase  in  the  flap  angle  reduces  the  takeoff  run  length, 
however,  in  this  case  decreases  and  the  angle  of  the  initial  set  of 
heiqht/alt  itude  (Fig.  2). 


DOC  = 77145501  PAGE  0P  // 


Key:  (1).  Beginning  of  ta keoff /run-up.  (2).  the  point  of  liftoff. 

(3).  control  point. 

Pa  ge  8 . 

In  connection  with  this  (in  the  absence  of  other  limitations,  for 
example,  along  the  length  runways)  it  is  expedient: 

a)  for  a decrease  in  the  noise  in  the  zone  o-  iramadiate  vicinity 
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of  airport  (zone  1)  to  utilize  large  flap  deflection; 

b)  for  a reduction/descent  in  the  noise  in  interaediate  zone  2 
to  utilize  the  optinun  flap  deflection; 

c)  for  a decrease  in  the  noise  in  zone  3 (eliminated  from 
airport)  to  utilize  low  flap  deflection. 


1 

] 


] 


The  medium  ra moval/distance  of  zone  2 from  the  beginning  of 
ta)ceoff  run  is  4.5-8  km.  As  a rule,  the  flap  angle,  which  is 
accompanied  by  tha  minimum  noise,  is  close  to  that  recommended  by 
"Planual  on  flight  operation",  established  for  other  reasons. 

For  1 and  3 zones  a reduction/descent  in  the  noise  because  of 
the  selection  of  the  optimum  position  of  flaps  with  takeoff  is  low 
and  composes  1-2  TPN  dB  (level  of  the  received  noise  with  correction 
for  the  discrete  components  in  noise  spectrum). 


Another  method  of  a reduction/descent  in  the  noise  is  the  change 
in  the  configuration  of  aircraft  and  velocity  of  its  flight  with 
takeoff.  For  each  zone  in  locality  and  for  each  type  aircraft  there 
is  a optimum  procedure,  which  provides  for: 


a)  the  takeoff /run- op  and  the  initial  set  of  height/altitude  at 
the  deternined  flap  angle; 


.L 


J 
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b)  acceleration/dispersal 
the  determined  height/altitude 
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c)  the  clinb  with  the  optimum  flap  angle. 

By  the  solution  of  conference  ICAO  on  noise  in  the  vicinities  of 
airports  it  is  noted  [by  4]  that  it  cannot  be  required  in  the 
necessary  order  of  a change  in  the  configuration  of  aircraft  for  the 
purpose  only  of  reduction/descent  in  the  noise  with  takeoff. 

To  Fig.  3 is  shown  the  comparison  of  the  path  of  takeoff  and 
levels  of  the  created  noise  with  the  takeoff  of  an  aircraft  of  the 
type  DC-B-SO  with  engines  ITSt-M  with  the  maintaining  of  constant 
velocity  with  the  flaps,  deflected  to  takeoff  position  (solid  lines, 
and  the  acceleration/dispersal  of  aircraft  to  speed  400  km/h  with 
retraction  of  flaps  (dotted  lines)  [7]. 

Sometimes  for  providing  the  standardized  noise  levels  it  is 
necessary  to  lower  takeoff  weight  aircraft.  A reduction/descent  in 
the  noise  in  this  case  is  achieved  because  of  a decrease  in  the 
takeoff  run  length,  increase  in  the  angle  of  the  initial  nonboron  of 
heiqht/alt itnde  and  relative  reduction/descent  in  the  engine  power 
rating  for  maintaining  the  assigned  gradient  of  climb. 


Fig.  3.  Trajectories  and  the  noise,  created  in  locali^y,  with  the 
takeoff  of  the  aircraft  DC-R-50  employing  different  procedures 
(takeoff  weight  - 1U.3  t,  standard  atmospheric  conditions);  1 - climb 
at  speed  Vj  -20  km/h,  the  flap  angle  25°;  2 - the  point  of  the 
throttling/choking  of  engines  on  height/altitude  600  m;  3 - the  climb 
with  acceleration/dispersal  to  speed  400  kra/h  and  retraction  of 
flaps;  4 - speed  hold  400  km/h. 

Page  10. 
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The  refluction/desrent  in  the  takeoff  weight  to  lOo/o  provides  a 
decrease  in  the  noise  on  the  average  by  5 TPN  dE  (4  EPN  dB)  during 

the  use  of  a throttle  mode/conditions,  providing  clinb  with  gradient 
4o/o.  If  for  the  purpose  of  a reduction/descent  in  the  noise  is 
utilized  one  standard  engine  power  rating,  which  corresponds  to 
gradient  4o/o  with  the  maxiniuB  takeoff  weight,  then  the 
reduction/descent  in  theweight  to  lOo/o  provides  with  jack  a decrease 
in  the  noise  on  the  average  of  entire  n 3.5  TPN  dB  (2.5  EPN  dB,  [4]. 
The  reduction/descent  in  the  takeoff  noise  because  of  a decrease  in 
the  payload  is  economically  inexpedient.  For  example,  in  the  case  of 
the  takeoff  of  an  aircraft  of  the  type  DC-8-61  with  the  engines  of 
JT3D-38  (takeoff  weight  - 147  t,  standard  atmospheric  conditions) 
without  the  use  of  a procedure  of  a reduction/descent  in  the  noise, 
the  maximum  level  of  noise  at  a distance  6 km  of  the  beginning  of 
ta  keoff /run-up  reaches  120  PN  by  dB.  For  provision  with  the  takeoff 
of  permissible  level  112  PN  dB  without  the  use  of  the  methods  of  a 
reduction/descent  in  the  noise  it  is  necessary  to  decrease  the 
takeoff  weight  of  aircraft  more  than  on  22.5  t,  which  for  the 
aircraft  DC-8-61  corresponds  approximately  to  the  weight  of  all 
passengers  [7]. 
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2.  Throttlinq/chok ing  of  engines. 

During  approach  to  the  colonized  locality  after  the  cliab  with 
the  Baximuni  gradient  for  the  purpose  of  a reduction/descent  in  the 
noise  the  engines  are  throttled. 

In  accordanca  with  requirements  [2],  [4]  the  minimum  altitude  of 
throttling/choking  is  accepted  equal  to  210  m;  minimum 
mode/condi  tions  is  selected  in  such  a way  that  at  the  maximum  value 
of  takeoff  weight  and  datum  temperature  •*•25°  C the  positive  gradient 
of  the  climb  woull  be  not  below  4o/o. 

The  results  of  application/use  and  the  acoustic  effectiveness  of 
this  method  are  very  diverse.  During  an  essential  decrease  in  the 
noise  under  takeoff  path  on  the  section  of  the  throttling/choking  of 
engines  is  possible  an  increase  of  noise  in  the  areas, 
arrange/located  after  this  section  in  the  course  of  takeoff.  The 
decrease  of  noise,  attained  as  a result  of  a reduction/descent  in  the 
engine  power  rating,  depends  substantially  on  the  type  of  engines. 
Acoustic  effectiveness  with  the  throttling/choking  of  engines  from 
takeoff  mode/conditions,  cooresponding  to  gradient  4o/o,  reaches 
following  values  f 4 ■]. 


1 
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A decrease  in  the  level  of  the  received  noise  (A  PULI  , enaitted 

by  exhaust  jet  with  throttl ing/choJcing  with  sufficient  for  practical 
target /pur poses  accuracy/precision  can  be  expressed  by  the 
relationship/ratia ; 

tm.  * p/p, , 

where  P is  an  engine  thrust  in  throttle  aode/conditions;  p,  . 
aaxiaum  value  of  thrust/rod.  This  dependence  is  shown  by  solid  line 
on  curve/graph  (Fig.  4). 

The  analysis  will  show  the  validity  of  this  relationship/ratio 
for  exhaust  jets  with  change  of  their  paraaeters  in  a wida  range, 
which  is  charactaristic  for  the  engines  of  the  different  type  and 
class. 
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Fig.  4.  S reductian/descent  in  the  span  noise  of  exhaust  jet  (solid 
line)  and  of  compressor  (dotted  line)  of  DTBD  f turbofan 

engine]  with  throttling  of  engines  (designation  of  points  see  in 
text,  lines  coincide  at  point  conditionally). 


Page  12. 

On  Fig.  4 by  points  are  represented  the  results  of  this  analysis  for 
the  engines,  initial  parameters  of  which  are  given  in  table  2. 

Similar  dependence  for  the  noise  of  compressor  TRDD  is  shown  to 

ISt^  p/p,  . 


Pig.  by  4 dotted  lines; 
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In  the  case  of  application/use  TRD,  intended  for  SPS  [ 
system  with  a variable  structure],  in  the  range  of  the 
mode/conditions,  used  in  takeoff,  by  the  basic  noise  source  is 
counted  exhaust  jet;  therefore  the  acoustic  effectiveness  of 
throttling /choking  is  maximum. 

The  absolute  values  of  noise  levels,  emitted  by  exhaust  jet  and 
compressor,  during  a change  of  the  engine  power  rating  of  this  type 

in  flight  can  be  calculated  by  employing  the  existing  procedures.  As 

I 

' an  example  to  Fi.  5 is  shown  similar  dependence  for  a different 

height/altitule  and  the  flight  speed  of  aircraft  with  TRDD,  that  have 
low  bypass  ratio  [8]. 

By  utilizing  the  relationship/ratios,  presented  in  section  2 and 
present  sections,  it  is  possible  to  construct  the  nomogram,  with  the 
aid  of  which  is  astimated  the  expected  reduction/descent  in  the 
noise,  emitted  by  compressor  and  exhaust  jet  taking  into  account  the 
ascended  vertical  distance  above  the  control  point,  anl  also  the 
mode/conditions,  utilized  with  the  throttling/choking  of  engines. 
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Key;  (1).  Designations  on  Pig-  4.  (2).  Type  of  engine  and  its 


design ation/purpose.  (3).  Thrust/rod  of  engine,  t.  (4).  TRD  for  SPS 
(boosterless  aods)  . (5).  TRD  for  a subsonic  transport  aircraft.  (6). 
TKDD  with  bypass  ratio  of  approxin at ely  1,5.  (7).  TROD  with  bypass 


ratio  of  approxiaately  6. 
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3.  Execution  of  turns  during  the  climb. 


The  application  of  turns  it  makes  it  possible  substantially  to 
lower  noise  in  the  populated  areas,  arrange/located  on  the  course  of 
takeoff  under  trajectory  or  near.  This  one  of  the  basic 
cell/elements,  used  when  selecting  the  routes  of  the  minimum  noise. 

In  accordance  with  requirements  ICAO  [4]  for  the  safety  control 
of  the  flight  turns  are  permissible  only  in  such  a case,  when 
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aircraft  reached  and  it  can  support  during  turn  height/altitude  not 
less  than  150  m above  the  level  of  terrain  and  are  prevented  under 
the  flight  tragectory  and  if  roll  attitude  it  does  not  exceed  15°. 

Turns  usually  are  not  allow/assuned  in  conjunction  with  the  i 

throttling/choking  of  engines.  | 

i 

1 


Fig.  5.  Characteristic  relationship/ratio  between  noise  levels, 
emitted  by  exhaust  jet  and  compressor  with  the  flight/span  of 
aircraft,  equipped  with  DTRD  with  low  bypass  ratio,  1 - the  noise  of 
jet,  2 - the  noise  of  compressor. 
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4.  nse  of  preferable  runways  on  noise. 

j 

1 

The  idea  of  preferable  runways  on  noise  consists  in  the 
preferred  use  of  those  takeoff  headings,  which  are  not  connected  with 
the  fliqht/span  of  the  close  populated  ar«as.  This  is  possible  in  the 
presence  in  to  tha  airport  of  several  runways,  separate  fro*  which  in 

the  direction  of  axle/axis  do  not  have  the  close  colonize!  zones,  but 
in  the  case  one  runway  - colonized  point/itens  with  one  of  the  sides. 

The  application/use  of  a preferable  runway  on  noise  is  not 
required  [4],  if  the  runway  is  covered  by  snow,  slush  or  glaze,  is 
covered  with  water,  contamination,  by  oil;  if  transverse  and 
incidental  wind  components,  including  gusts,  exceeding  respectively 
7.  and  2.5  m/s. 

5.  Use  of  routes  of  minimum  noise. 

The  stimulation,  produced  by  aircraft  noise  in  densely-populated 
areas,  can  be  decreased  or  eliminated  completely  because  of  the 
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flight  of  aircraft  in  thp  routes,  arrange/located  outside  these 
areas,  or  with  the  realization  of  flights  above  the  relatively 
low-populated  areas.  Tn  this  case  it  is  necessary  to  accept  into 
consideration  the  cost-effectiveness/efficiency  of  operation  in 
connection  with  possible  linitations  of  the  capacity  of  airport  and 
cowpl  ications  in  the  administration  moved  of  aircraft.  If  the 
selected  routes  completely  do  not  eliminate  the  flight/spans  above 
densely-populated  areas,  is  feasible  the  course  of  the  concentration 
of  noise  stimulation  in  small  territories. 

The  more  uniform  distribution  of  the  routes  of  the  flight/span 
of  aircraft  for  tie  purpose  of  a reduction/descent  in  the  frequency 
of  the  effects  of  noise  considers  insufficiently  effective  means.  As 
a result  of  sociological  investigations,  which  lie  at  the  basis  of 
the  used  criteria  of  the  total  effect  of  noise,  the  contribution  to 
the  comraon/gena ral/total  stimulation,  determined  by  noise  levels,  is 
considerably  more  than  introduced  one  by  a quantity  of  flight/spans. 
Thus,  the  total  effect  of  noise,  which  the  population  is  subjected 
to,  is  reducei  with  the  concentration  of  air  traffic  on  a minimum 
quantity  of  routes. 


[ 
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II.  Results  of  experimental  studies  in  the  final  adjustment  of  the 
procedures  of  piloting  with  a decrease  in  the  noise  in  locality  with 
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the  takeoff  of  aircraft  of  the  type  Tu-104,  Tu-124,  Tu-114  and  11-62, 


In  the  process  of  special  flight  tests,  carried  out  GosNll 
r • State  Scientific  Research  Institute]  GA  ['  Civil 

Aviation],  are  experinental ly  determined  the  characteristics  of  the 
noise  of  Soviet  passenger  aircraft  and  developed  recommendations 
regarding  their  piloting  with  takeoff  with  decreased  noise  created  in 
locality. 


Page  15. 


1.  Decrease  of  noise  with  the  takeoff  of  aircraft  Tu-104. 


The  characteristics  of  the  noise  of  jet  aircraft,  by  the  first 
in  the  world  of  that  begun  regular  passenger  transportation,  will 
become  the  object/subject  of  investigations  comparatively  long  [9], 
[10].  Host  in  detail  the  characteristics  of  the  takeoff  noise  of 
aircraft  Tu-104  are  presented  in  work  [11],  and  the  procedure  of 
aircraft  handling  with  a decrease  in  the  noise  with  takeoff  is  given 
in  works  [ 12  ],  [ 13  ],  [ 14]. 
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For  the  purpose  of  a decrease  in  the  noise  with  ballet  with 
course  of  the  populated  area  the  craft  coaaander  is  guided  by  the 
following. 

The  selectios  of  the  position  of  flaps,  ta keof f/run-u p, 
breakaway,  landing  gear  retracting  are  conducted  in  accordance  with 

recoBBendations-  "Manuals  on  flight  operations  and  aircraft 
handling".  After  breakaway  the  aircraft  is  accelerate/dispersed 
without  Baintaining  with  the  climb  to  speed  350  km/h  for  a takeoff 
weight  72  t and  more;  340  ka/h  - for  a weight  less  than  72  t. 

At  height/altitude  200  m after  completion  of  landing  gear 
retracting  the  engine  power  rating  from  takeoff  is 

translate/transferred  into  noBinal.  Further  climb  500  m is  conducted 

depending  on  takeoff  weight  at  constant  velocity  350  or  340  km/h  by 

those  which  were  deflected  on  10®  flaps.  i 

After  achieving  height/altitude  500  b,  aircraft  it  is 
accelerate/dispersed,  and  at  speed  370-380  km/h  flaps  are  removed  | 

with  the  realization  of  further  acceleration  to  speed  600  km/h  ' 

I 

) 

according  to  instrument.  Before  the  termination  of  the  landing  gear  ] 

retracting  and  flaps  the  flight  speed  must  not  exceed  »00  kB/h.  i 


With  takeoff  toward  the  populated  areas,  eliainated  less  than  on 


! 

i 
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6 ko  froB  the  beginning  of  takeoff /run-up , it  is  necessary  after 
completion  of  laniing  gear  retracting  at  height/altitude  200  b to 
change  the  engine  power  rating  froB  BaxiauB  in  Bode/condit ions 
r/ain.  The  flight/span  of  the  populated  areas  is  fulfilled  at 
constant  velocity  350  or  340  kn/h.  After  the  flight/span  of  habitable 
array  or  set  of  he ight/altitude  500  b it  is  necessary  to  transfer 
engines  to  the  nominal  rating  of  work,  accelerate  aircraft  to  speed 
370-380  ka/h,  to  remove  flaps  and  to  produce  the  further  acceleration 
to  speed  6 00  km/h. 


Hith  takeoff  from  foreign  airports  with  the 
established/installed  limitations  on  noise,  in  all  cases  with  takeoff 
in  the  night  tine,  when  allowable  noise  levels  substantially  lower, 
it  is  necessary  with  the  aid  of  graphs,  shown  to  Pig.  6 and  Fig.  7, 
to  test  the  craatsd  noise  levels  and,  if  it  is  necessary,  to 
determine  for  these  conditions  the  height/altitude  of  a shange  in  the 
engine  power  ratings  and  the  Bode/conditions,  which  ensures 
acceptable  noise  levels  (for  example,  IIQ  -112  PN  dB  in  the  daytine 
even  102  PN  dB  at  night). 

Page  16. 

In  these  casas  is  allow/assuaed  a decrease  in  the 


Bode/condi tions  not  below 


I.  after  conpletion  of  landing 


i 


gear  retracting  and  at  height/altitude  not  less  than  150  n.  Tn  all  | 

cases  the  climb  under  maximum  conditions  of  the  operation  is  ^ 

I 

recommended  to  produce  to  height/altitude  250-300  m.  ' 

] 

The  height/altitude  of  a change  in  the  engine  power  rating  and  j 

the  mode/conditions,  which  ensures  noise  levels,  close  to  allowable,  ' 

I 

are  determined  from  the  initial  data,  which  includes  the  actual  ] 

takeoff  weight  of  aircraft,  temperature  of  air  of  the  earth/ground, 
that  chomprises  wind  velocity  along  runway  the  removal/distance  of 
the  populated  point  from  the  beginning  of  takeoff /run-up. 


The  combined  effect  of  the  first  three  parameters  is  considered 
through  the  conditional  concept  "the  given  weight),  determined  with 
the  aid  of  curve/graph  (see  Fig.  6). 


On  the  curve/graph,  shown  to  Fig.  7,  from  the  point,  which 
corresponds  to  the  distance  of  the  nearest  boundary  of  the  populated 
area  from  the  beginning  of  ta keof f/run- up  on  the  course  of  takeoff, 
is  carried  out  vertical  line  before  intersection  with  trajectory, 
that  corresponds  to  the  obtained  given  weight. 

Horizontal  line,  drawn  to  the  side  of  the  arranged/located  to 
the  right  table  of  the  levels  of  the  created  in  locality  noise, 
indicates  the  expected  level  depending  on  the  engine  power  rating. 
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+-a  keoff  of  aircraft  that- 104. 

Key:  (1).  k«/h.  (2).  Noise,  created  on  locality.  (3).  level  of  sound 
pressure,  dB.  (4).  the  level  of  the  received  noise  PN.  (5)  . 
conditions  of  operating  eng.  P r/min.  (6)  . r/ain.  (7)  . lea. 

Page  18. 

An  eraaple  of  the  calculation  is  shown  on  the  curve/graphs  by 
dotted  line  with  rifleaan/pointers  for  the  following  conditions: 


takeoff  weight  of  aircraft.  ......  -76  t, 

the  teaperature  of  air.  ......  .-♦•25°C, 

the  is  coaponent  of  head  wind.  . . - 3 a/s. 


the  removal/1 istance  of  the  boundary /interface  of  the  populated 
area  froa  the  beginning  of  takeof f/run-up.  ...  -5.5  ka. 

Order  these  conditions  the  given  weight  is  egual  to  79  t.  For 
providing  accepted  as  that  permissible  for  a daytime  in  datum  to  the 
airport  of  the  level,  for  example,  112  PN  dB,  decrease  the  engine 
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power  rating  down  to  n = 4100  r/nin  it  is  necessary  to  execute  at 
altitude  250  n,  continuing  clinbing  flight  at  speed  350  ks/h.  After 
the  flight /span  of  the  populated  area  or  set  of  height/altitude  500  n 
the  engines  are  translate/transferred  into  the  noainal  rating  of  work 
and  in  the  process  of  the  acceleration/dispersal  of  aircraft  are 
removed  flaps. 

For  the  purpose  of  a supplenentary  reduction/descent  in  the 
noise  in  locality  is  permitted  the  execution  of  turns  away  from  the 
populated  areas  at  height/altitude  not  less  than  200  m with  bank  not 
more  than  20®, 

To  Fig.  8 are  shown  to  trajectory  and  the  created  naxiDun  noise 
above  the  trajectory  with  the  takeoff  of  aircraft  70  t in  weight 
under  standard  atmospheric  conditions  according  to  the  procedure  with 
a decrease  in  the  noise  (climb  with  speed  hold  340  km/h)  during 

the  different  engine  power  ratings  and  according  to  the  procedure, 
which  was  being  applied  earlier  and  which  provides  for 
acceleration/dispersal  with  further  speed  hold  400  km/h  (dotted 

lines) . 

i 

j 

I 

\ 

2.  Decrease  in  the  noise  with  the  takeoff  of  aircraft  Tu  -124, 
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The  results  of  the  investigations  of  the  characteristics  of  the 
noise  of  aircraft  Tu  -124,  and  also  investigations  in  the  final 
ad-justment  of  the  procedure  of  piloting  with  a decrease  in  the  noise 
not  of  locality  with  the  takeoff  of  aircraft  are  exaoined  in  detail 
in  works  [5],  [12],  [13],  [14],  [15]. 

At  airports  with  the  closely  spaced  populated  points  for  a 
decrease  in  the  noise  in  locality,  the  created  with  takeoff  aircraft 
Tu  -124,  the  initial  climb  after  landing  gear  retracting  is 
conducted  at  speaJ  300  km/h  to  height/altitude  500  m.  At 
height/altitude  300  m the  engines  are  translate/transf erred  into  the 

nominal  rating.  After  climb  500  m due  to  decrease  of  the  rate  of 
climb  aircraft  is  accelerate/dispersed  to  speed  320-350  km/h  and  is 
conducted  retraction  of  flaps. 

With  takeoff  to  the  side  of  the  populated  areas,  arrange/located 
at  distance  less  than  4 km  on  the  course  of  jack  of  the  beginning  of 
takeoff/run-up,  in  all  cases  with  after  taking  off  night  time,  in 
also  during  flight  from  foreign  airports  with  the 
established/installed  limitations  on  noise  is  necessary  by  the 
curve /graphs,  shown  on  Fig.  9,  Fig.  10,  to  check  created  levels  of 
noise  m,  if  it  is  necessary,  to  determine  under  the  diurnal 
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conditions  of  takeoff  (takeoff  weight,  the  meteorological  conditions 
and  the  ra moval/iistance  of  the  populated  area  from  the  beginning  of 
takeoff/run-up)  the  height/altitude  of  a change  in  the  engine  power 
rating  anl  the  mole/conditions,  which  ensures  acceptable  noise 
levels-  For  these  purposes  is  allow/assumed  a decrease  in  the  engine 
power  rating  not  below  880/0  after  completion  of  landing  gear 
retracting  and  on  height/altitude  not  less  than  150  m. 

For  the  purpose  of  a supplementary  reduction/descent  in  the 
noise  is  permittel  the  execution  of  turns  to  the  side  from  the 
populated  areas  at  height/altitude  not  less  than  200  m,  also,  with 
bank  not  more  than  20®. 


For  thp  purpose  of  a decrease  in  the  noise  with  the  takeoff  of 
aircraft  Tu-134  with  course  of  the  colonized  locality  it  is  necessary 
to  be  guided  by  the  following. 

The  selection  of  the  position  of  flaps,  takeoff/run-up, 
breakaway,  landing  gear  retracting  are  conducted  in  accordance  with 
the  re  comm  end  at  ions  of  "nanagement/manual  on  flight  operations  and 
aircraft  handling".  After  breakaway  in  the  process  of  landing  gear 
retracting  the  aircraft  is  accelerate/dispersed  without  speed  hold 
according  to  instrument  280-290  km/h  for  the  flaps,  deflected  to  20°, 
and  100  km/h  - for  the  flaps,  deflected  to  10®.  Futher  climb  800  m is 
conducted  at  the  constant  indicated  speed  280-300  km/h  depending  on 
the  flap  angle  for  all  takeoff  weights  to  45  t inclusively. 
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retraction  of  flaps. 

With  takeoff  in  night  time,  and  also  to  the  side  of  the 
populated  areas,  arrange/located  at  re  mova  1/di  stance  it  is  less  than 
6 km,  and  during  flight  from  the  foreign  airports,  in  which  are 
establish/installed  the  limitations  on  noise,  it  is  necessary  by  the 
accompanying  curve/graphs  (Fig.  11,  Pig.  12)  to  determine  the 
expected  noise  levels,  and,  if  necessary  to  refine  for  these 
conditions  (takeoff  weight,  the  meteorological  conditions  and  the 
arrangement  of  the  populated  areas)  the  height/altitude  of  a change 
in  the  engine  power  rating  and  the  mode/conditions,  which  ensures 
acceptable  noise  levels. 

In  these  cases  is  allow/assumed  a decrease  in  the 
mode/conditions  not  below  88o/o  after  completion  of  landing  gear 
retracting  and  at  height/altitude  on  less  than  150  m.  In  this  case  in 
all  cases  the  aircraft  must  continue  the  climb  with  rate  of  climb  not 
less  than  2.5  m/s. 

The  height/altitude  of  a change  in  the  engine  powar  rating  and 
the  mode/conditions,  providing  noise  levels,  close  to  permissible, 
are  determined  from  the  fact  initial  data,  as  for  an  aircraft  Tu-104. 
Their  combined  effect  is  considered  with  the  aid  of  the  curve/graph, 
given  to  Fig.  11. 


fig.  9.  Nomogram  for  determining  the  given  weight  of  aircraft  Tu-124. 


Key:  (1).  actual  takeoff  weight,  t.  (2).  temperature,  ®C.  (3). 

Headwind  component,  ra/s.  (4).  m/s.  (5).  given  weight,  t. 
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Fig.  10.  Trajectories  and  the  noise,  created  in  locality  with  the 
takeoff  of  aircraft  Tu-124. 

ffeyj  (1).  kn/h.  (2).  the  sound  pressure  level,  dB.  (3).  the  level  of 
the  received  noise,  (4).  the  engine  power  rating,  p o/o.  (5). 

given  weight,  t.  (6).  ks. 
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I 

For  Jeterminlng  the  given  weight  it  is  necessary  above  according 
to  horizontal  scale  to  find  the  value  of  actual  takeoff  weight  and  to 
conduct  vertical  line  to  intersection  with  the  horizontal  line,  which 
corresponds  to  temperature  of  ♦15°C,  then  from  point  of  intersection 
to  conduct  the  line,  parallel  to  the  closest  inclined  ray/beaa,  to  ' 

the  value  of  actual  temperature  of  the  earth/ground.  After  conducting 
vertical  line  from  the  obtained  point  to  the  horizontal  line,  which 
corresponds  to  calm,  in  a similar  manner  we  produce  the  account  of 
wind  on  runway.  For  lower  scale  we  obtain  corresponding  to  these 
conditions  the  given  weight  of  aircraft. 

On  curve/graph  (Fig.  12)  from  the  point,  which  corresponds  to 
the  distance  of  the  nearest  boundary/interface  of  the  populated  area 
from  the  beginning  of  takeoff/run-up  on  the  course  of  takaoff,  is 
carried  out  vertical  line  before  intersection  with  the  trajectory, 
which  corresponds  to  the  obtained  given  weight.  Horizontal  line, 
drawn  to  the  side  of  the  arranged/located  to  the  right  table  of  the 
levels  of  the  created  in  locality  noise,  it  will  indicate  the 
expected  level  depending  on  the  engine  power  rating. 
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Fiq.  11.  NoBogran  for  deternining  the  given  weight  of  aircraft 

Tu-nu. 


Key:  (1).  Actual  takeoff  weight  t.  (2).  Temperature,  ®C.  (3). 

reference  line.  (4).  Speed  of  wind,  s/s.  (5).  reference  line.  (6). 
Velocity  of  wind,  m/s.  (7).  reference  line.  (8).  given  weight,  t 


I 


Key:  (1).  Noise,  created  in  locality,  PN  dB.  (2).  Engine  power  rating 
- p 0/0.  (3).  Siven  weight,  t.  (4).  kw. 
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Tn  this  case  the  given  weight  is  close  to  50  t.  For  providing 
accepted  as  that  pernissible  for  a daytiae  in  datua  for  the  airport 
level,  for  example,  102  PN  dB,  decrease  in  the  engine  power  rating 
down  to  n = B8o/o  are  necessary  to  manufacture  at  height/altitude 
approxiaately  200  m,  continuing  climbing  flight  at  speed  280-290 
ka/h.  After  the  flight/span  of  the  populated  point  of  climb  800  a the 
engines  are  translate/transferred  into  the  nominal  rating  of  work  and 
in  the  process  of  acceleration  of  aircraft  at  speed  330  ka/h  on 
instrument  are  removed  flaps. 

The  given  to  Fig.  11  and  12  curve/graphs  are  suitable  also  to 
evaluate  the  noise  levels  and  in  the  case  of  the  takeoff  of  aircraft 
with  the  flaps,  deflected  to  10°  (gradient  of  the  climb  in  this  case 
is  somewhat  higher  than  with  takeoff  with  the  flaps,  deflected  by 
20°)  . 


rw 


I 

Sonetiaes  for  the  purpose  of  a supplementary  reduction/descent  ! 

in  the  noise  is  allov/assuned  the  execution  of  turn  away  from 

populated  points  at  haight/altitude  not  less  than  100  m above  the  ' 

level  of  airfield  with  bank  not  more  than  15®. 

U.  A decrease  in  the  noise  with  takeoff  of  aircraft  Tl-62. 
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Some  results  of  the  investigations  of  the  characteristics  of  the 
noise  of  aircraft  11-62  and  recommendations  in  its  reduction/descent 
are  published  in  [11]»  [161- 

f. 

I 

For  the  purpose  of  reduction  of  noise  in  locality  with  the 
\ takeoff  of  aircraft  the  11-62  with  course  of  the  colonized  locality 

L ■ 

' is  applied  at  present  the  following  procedure. 


the  position  of  flaps,  takeoff/run-up,  breakaway  and  the  landing  gear  i 

i 

retracting  of  aircraft  after  being  conducted  in  accordance  with  the  ] 

j 

recommendations  of  section  "takeoff”  of  "management/manual  on  flight  i 

operations".  i 


\ 
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In  the  process  of  landing  gear  retracting  the  aircraft 
accelerate/dispersed  to  the  speed  320-340  km/h  depending  on 
we ight. 


pis  piio 

1 NO  *:  MO 

_J \ 

is 

takeoff 


Key:  (1).  Takeoff  weight,  t.  (2).  ...  and  less.  (3).  Indicated 
airspeed,  km/h. 
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At  height/altitude  120  m in  the  process  of  the  further 
acceleration/dispersal  of  aircraft  to  speed  350  km/h  for  takeoff 
weights  to  150  t inclusively  and  to  360  km/h  for  weights  150-160  t 
begins  the  retraction  of  flaps  from  30®  to  15®. 


With  takeoff  in  daytime  and  in  the  case,  when  the 
removal/distance  of  the  populated  area  exceeds  6.5  km  of  the 
beginning  of  takeoff/run-up,  at  height/altitude  400  m the  engine 
power  rating  is  translate/transferred  into  nominal.  Retaining 
constant  velocity  350-360  km/h  and  the  flaps,  released  to  15®, 
produce  the  set  of  height/altitude  800  ra,  after  which  aircraft  it  is 
tr emslate/transferred  into  the  mode/conditions  of 
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acceleration/dispersal  to  the  speed  of  steady  climb.  In  the  process 
of  acceleration/di spersal  at  speed  not  more  than  400  km/h  the  flaps 
are  removed  completely. 

r 

I 

with  takeoff  in  niqht  time  or  to  the  side  of  the  populated 
areas,  arrange/located  at  removal  less  than  6.5  km  of  the  beginning 
of  ta keoff /run-up,  and  also  during  flight  from  foreign  airports  with 
the  established/installed  limitations  on  noise  it  is  necessary  by  the 
curve/graphs,  given  to  Fig.  13  and  Fig.  14,  to  determine  expected 
levels  of  the  maximum  noise,  also,  if  necessary  to  refine  for 
specific  conditions  the  height/altitude  of  a change  in  the  engine 

power  rating  and  the  mode/conditions,  which  ensures  acceptable  noise 
levels. 

For  a reduction/descent  in  the  noise  is  a llow/assumei  a decrease 
in  the  mode/conditions  to  80°  in  IP- 33  after  completion  of  retraction 
of  flaps  to  15®  and  at  height/altitude  not  less  than  153  m.  With  the 
very  close  arrangement  of  the  populated  areas  it  is  necessary  to 
decrease  down  to  the  necessary  value  the  engine  power  rating  on 
height/altitule  not  less  than  150  m,  after  which  it  is  allow/assumed 
retraction  of  flaps  from  30®  to  15®  with  the 
preservation/retention/maintaining  of  speed  350-360  km/h. 
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takeoff  of  aircraft  II-  62. 


Key;  (1).  Haximui  noise,  created  at  locality.  (2).  km/h.  (3).  The 
operating  mode  of  engines  - takeoff.  (U).  Takeoff  conditions.  (6). 
Hode/cond  itions  80®  on  IP-33.  (6).  Given  weight.  (7).  tons.  (8).  Ci. 
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In  this  case  in  all  cases  the  aircraft  must  continue  climb  with  rate 
of  climb  not  less  than  2.8  m/s. 

The  height/altitude  of  a change  in  the  engine  power  rating  and 
the  mode/conditions,  providing  levels  of  noise,  close  to  permissible 
as  for  other  aircraft,  are  determined  from  known  values  of  actual 
takeoff  weight  of  aircraft,  temperature,  wind  and  atmospheric 
pressure  of  the  earth/ground,  and  also  the  removal/distance  of  the 
populated  area  from  the  beginning  of  takeoff  run. 


An  example  of  calculation  is  shown  on  the  given  curve/graphs  by 
dotted  lines  with  r if leman/poin ter s for  the  following  conlitions; 


the  takeoff  weight  of  aircraft.  ........  .-163  t. 
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t.he  temperature  of  air.  ........  .+35^0, 

the  is  component  of  head  wind.  ........  .-2.5  m/s, 

atmospheric  pressure -730  mm  Hg, 

distance  of  populated  point/item  from  the  beginning  of 
taJceoff/run-up -6.0  km. 

For  these  conditions  the  given  weight  is  egual  approximately  to 
167  t.  For  providing  the  accepted  as  allowable  level,  for  example, 

102  PN  dB,  decrease  of  the  operating  mode  of  engine  to  B0°  on  IP-33 
it  is  necessary  to  manufacture  at  height/altitude  350  m,  by 
continuing  climbing  flight  at  constant  velocity  360  km/h.  After  the 
fliqht/span  of  the  populated  area  or  set  of  height/altitude  800  m the 
engines  are  translate/transferred  into  nominal  mode  and  in  the 
process  of  the  acceleration/dispersal  of  aircraft  at  speed  not  more 
than  400  km/h  flaps  are  removed  completely. 

The  dependence  of  the  measured  total  noise  levels  and  designed 
on  the  averaged  spectra  levels  in  PN  dB  EPN  dB  and  dB  (a)  for  the 
throttle  engine  power  rating  from  the  flight  altitude  of  aircraft 
Tl-62  is  shown  to  Fig.  15. 


Fiq.  IS.  The  depeidence  of  the  levels  of  the  maxiBum  noisa  , created 
with  the  flight/span  of  aircraft  II  -62,  flight  speed  350  km/h,  the 
engine  power  rating  is  80®  on  IP-33. 


Page  28. 

5.  Characteristics  and  comparative  evaluation  of  the  effectiveness  of 

applied  procedures  of  piloting.  i 

I 

I 


i 
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Key:  (1).  Aircraft  type.  (2).  Fundamental  characteristics.  (3).  A 
quantity  is  the  type  of  engines.  (4).  Maximum  takeoff  weight,  t.  (5). 
Position  of  flaps  with  takeoff,  deg.  (6).  Speed  of  the  initial  set  of 
height/altitude,  km/h.  (7).  Height/altitude  of  the  beginning  of 
acceleration/dispersal  with  intermediate  retraction  of  flaps,  m.  (8). 
Position  of  flaps  after  intermediate  retraction,  deg.  (9).  Flight 
speed  with  flaps  deflected  to  intermediate  position,  km/h.  (10). 
Standard  height /altitude  of  a change  in  the  engine  power  rating  from 
takeoff  to  nominal,  m.  (11).  Hoight/alt itude  of  the  beginning  of 
acceleration/dispersal  and  retraction  of  flaps  to  = 0®,  m.  (12). 
Noise  level,  regulated  by  standard  ICAO  at  the  control  point,  bred  at 
removal/distance  6.5  km  of  the  beginning  of  ta keoff /run-up , EPN  dB. 
(13).  Height/altitude  above  the  control  point  6.5  km  with  takeoff 
with  the  preservation/retention/maintaining  of  the  maximum  engine 
power  rating,  m.  (14).  Noise  level  at  control  point  6.5  km  in  the 
engine  operation  under  maximum  conditions,  (15).  Throttle  engine 
power  rating  on  regular  instruments.  (16).  r/min.  (16a).  on  (17). 
Noise  level  at  control  point  6.5  km  in  the  engine  operation  on 
throttle  mode/con  J itions,  EPN  dB.  (18).  Reduction/descent  in  the 
noise  za.scet,  the  throttling/choking  of  engines,  EPN  dB.  (19). 


The  basic  cel l/eleaent s,  comparative  characteristics  and 
acoustic  effectiva ness  of  the  procedures  of  piloting  Soviet  aircraft 


with  a decrease  in  the  noise  in  locality  with  takeoff  are  shown  in 
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PARE 


ffininuB  hf»ight/alt  itude  of  the  throttling/choking  of  engines,  ■. 
(20).  nininuB  height/altitude  of  turn  for  the  purpose  of  a 
reduction/descent  in  the  noise,  b.  (21).  NiniBua  radius  of  turn  at 
the  angle  of  bank  1S®,  of  ka. 
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In  a::cordanr3  with  standard  ICAO  [2]  the  noise  with  takeoff  is 
regulated  at  the  control  point,  arrange/located  at  reBoval /distance 
6.5  kB  of  the  beginning  of  takeof f/run-up«  The  allowed  value  of  the 
noise  depends  on  the  takeoff  weight  of  aircraft,  whereupon  as  the 
initial  conditions  is  accepted  the  tenperature  of  ambient  air,  equal 
to  -25®C,  atmospheric  pressure  -760  mm  Hg,  caln.  The  comparison  of 
the  noise  levels,  regulated  by  standard  ICAO,  at  the  point  indicated 

during  set  by  the  aircraft  of  height/altitude  with  actual  level  of 
the  noise,  created  by  the  aircraft  of  different  types,  it  is  shown  to 
Fig.  16. 


It  should  be  noted  that  as  the  characteristic  rate  of  cliab  for 
Soviet  aircraft  is  selected  the  speed,  equal  tc  Vj  - (20-30)  km/h. 

For  snail  aircraft  of  the  type  that-124  and  that-134  this  value  of 
velocity,  selected  for  the  maxinun  takeoff  weight,  for  the  purpose  of 
simplification  piloting  is  utili'zed  also  with  takeoff  with  smaller 


I 
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takeoff  weights. 

Page  30. 

This  allows  with  an  insignificant  deterioration  in  the  acoustic 
effectiveness  to  decrease  the  pitch  angle,  which  with  an  increase  in 
the  t hrust -weight  ratio  can  considerably  increase,  which  aakes 
survey/coverage  of  forward  half  sphere  worse  and  can  cause 
inconveniences  for  passengers-  It  is  considered  that  for  the  majority 
of  aircraft  types  the  angle  of  pitch  must  not  exceed  15®.  The  climb 
without  retraction  of  flaps  (are  deflected  to  takeoff  position)  also  1 

makes  it  possible  to  reduce  the  angle  of  pitch.  ’ 


► 

r 

L 
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Fig.  16.  Conparison  of  actual  noise  levels,  created  by  the  aircraft 
of  different  types  at  the  control  point,  arrange/located  at 
reaoval/distance  6.5  k«  of  the  beginning  of  t akeoff/run-up,  with  the 
regulated  standarls  ICAO. 

Key:  (1).  Falcon.  (2).  Fokker.  (3).  Caravelle.  (4).  Coaet.  (5). 
Boeing.  (6).  TO.  t. 
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III.  Soae  results  of  investigations  in  the  evaluation  of  the  expected 
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characteristics  of  the  noise  of  SPS. 

Analyzing  aaterials  of  works,  containing  the  results  of  the 
studies  of  expected  noise  levels  in  locality  during  operation  SPS, 
and  also  the  possible  nethods  of  their  reduction/descent  it  is 

inportant  to  enphasize  the  following  special  feature/peculiarities 
SPS,  which  relate  to  the  characteristics  of  the  created  noise  and  the 
■ethods,  utilized  for  its  reduction/descent. 

1.  The  operational  aethods,  directed  toward  a reduction/descent 
in  the  noise  SPS,  in  principle  do  not  differ  froa  those  used  for 
subsonic  passenger  aircraft  with  jet  engines. 

2.  Comparatively  high  values  of  thrust-weight  ratio  SPS  makes  it 
possible  to  accomplish  steeper  trajectories  of  the  initial  climb  with 
takeoff.  The  high  altitude  of  the  flight/span  above  the  control  point 
with  takeoff  in  conjunction  with  the  throttling/choking  of  engines 

wakes  it  possible  to  achieve  at  this  point  of  the  noise  levels,  close 
to  those  observed  for  subsonic  aircraft. 

3.  Preferable  preferential  for  SPS  TRD  instead  of  TRDD 
substantially  increases  noise  at  the  points,  arrange/located  from  the 
side  runway,  with  the  takeoff  of  aircraft. 
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As  illustration  on  Fig.  17  and  Pig.  18  is  shovn  according  to  the 
results  [7],  [17]  the  comparison  of  the  take-offs  path  SPS  and  of 
typical  subsonic  aircraft,  and  also  the  created  in  this  case  noise. 
Values  of  the  areas,  subgected  to  the  noise  effect  of  various  levels 
with  takeoff  SPS  and  of  subsonic  aircraft,  are  given  in  table  4 [17]. 

A rel  uct.ion/iescent  in  the  noise  as  a result  of  the 
throttling/choking  of  engines  with  takeoff  SPS,  as  can  be  seen  from 
Fig.  19,  can  reach  12  PN  by  dB.  On  Pig  19  are  shown  to  take-off  path 
and  the  levels  of  the  maximum  noise  under  trajectory  in  the  engine 
operation  on  takeoff  conditions  with  the  application/use  of 
afterburning  throttle  mode/conditions,  the  ensuring  the  gradient  of 
set  height/altitule , equal  to  6o/o  [ 19]. 

The  comparison  of  the  characteristic  dependences  effective  level 
of  received  noise  (in  EPN  dB) , created  in  locality  with  takeoff  and 
reduction/descent  for  landing  SPS  (solid  lines)  and  subsonic 
passenger  aircraft  with  four  TPD  or  TRDD  with  low  bypass  ratio 
(dotted  lines)  from  pressure  to  the  flying  aircraft  is  shown  to  Fig. 
20  [ 19  ]. 
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Fig.  17.  Trajectories  and  the  noise,  created  in  locality  with  takeoff 
SPS  (solid  lines)  and  subsonic  transport  aircraft  with  TRDD  (dotted 
lines)  according  to  the  data  [7]. 


Key;  ( 1)  . )cm. 
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Eiq.  18.  Trajectories  and  the  noise,  created  in  locality  with  takeoff 

SP5?  (solid  lines)  and  subsonic  aircraft  (dotted  line)  according  to 
the  da ta  [17], 

Key:  (1)  . km. 


Fig.  IP.  The  trajectories  and  levels  of  the  maximum  noise  under 
trajectory  in  the  engine  operation  on  takeoff  and  throttla 
mode/conditions.  1 - the  takeoff  engine  power  rating,  the  gradient  of 
the  set  of  height/altitude  13o/o;  2 - the  throttle  engine  power 
rating,  the  gradient  of  the  set  of  height/alt itude  6o/o;  3 - the 
res^-orati  on/red  uct  ion  of  takeoff  mode/conditions  at  height /a  It  itude 


1500  m 
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K«y:  (1) . Va. 

Pig.  20.  Dependence  of  the  noise  levels  in  EPN  dB  froa  the  minimua 
removal/distance  to  trajectory  of  flight  SPS  (continuous  lines)  and 
subsonic  aircraft  with  4 TRD  or  TRD  with  low  bypass  ratio  (dotted 
lines).  1 - takeoff  conditions;  2 - the  throttle  aode/conditions, 
which  ensures  gradient  6o/o;  3 - landing  mode/conditions. 

Key;  (1).  Effective  level  of  the  received  noise,  EPN  dB.  (2).  the 
ainiaum  distance  to  path  of  flight,  a. 
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IV.  Matheaatical  description  of  the  task  of  the  selection  of  optiaua 
aircraft  control  with  takeoff  with  a decrease  in  the  noise  in 
locality. 


As  already  aentioned,  aaong  the  used  at  this  tiae  aethods  of  a 
reduction/descent  in  the  noise  of  aircraft  in  locality  iaportant 
place  is  assigned  to  the  special  aethods  of  piloting,  the  task  of 
developing  siailar  procedures  of  piloting  with  takeoff  all ow/assuaes 
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raathpaatical  sinulation  and  can  be  solved  by  the  aethods  of  the 
theory  of  optiaua  control  [20]. 

The  action  of  the  center  of  mass  of  aircraft  let  as  describe  by 
the  system  of  differential  equations. 

Page  34. 

(I) 


where  x = (Xj,  Xg,  ...»  Xj)  ; 

^ = (^ir  f?#  •••,  fj)  are  a vector  function; 

0 = (tlj,  tTj,  ...»  Us  are  steering  functions; 

j • 

a, *r  - flight  speed;  Xj  = 0 - the  flight  path  angle  to  the  horizon; 
is  an  angle  of  rotation  of  trajectory;  x*  = 1 , Xj  = h - aoving 
coordinates;  0,  = « - angle  of  attack;  Oj  = 0 - slip  angle;  U,*  y/ - the 
angle  of  high-speed/velocity  bank/roll;  u,.y’.the  angle  of  deflection 
of  thrust  vector;  0,  = 63  - the  angle  of  deflection  of  high  lift 
devices;  U^  = P - the  engine  thrust. 


i 
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wherp  X,  Y,  Z are  aerodynanic  forces; 


m = the  Bass  of  aircraft.  ■ 

For  contemporary  jet  aircrafts  the  total  emitted  acoustic  power  j 

can  be  by  the  specific  relationship  ’ 

W-W,^W,. 

where  Wj  - the  acoustic  power,  emitted  by  exhaust  jet; 

V g ~ the  acoustic  power,  emitted  by  compressor. 

The  effect  of  noise  on  population  usually  is  determined  by  sound  ! 

pressure  level,  by  spectral  composition  and  the  duration  of  the  1 
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effect  of  noisa.  To  evaluate  the  irritating  effect  of  noise  in  single 
flight/span  of  aircraft  usually  is  applied  EPNL  - the  effective  level 
of  the  received  noise.  Talcing  into  account  a series  of  the 
sinplifying  assunptions  accordingly  criterion  by  the  neasure  of  the 
irritating  effect  of  noise  can  serve  the  value: 


where  ^ - is  a directional  characteristic  of  noise; 


J - noise  intensity; 


R - distance  from  aircraft  to  control  point; 


L is  a sound  pressure  level  at  control  point. 


Page  35. 

Thus,  the  task  of  finding  the  optimum  flight  program  is  reduced 
to  the  determination  of  this  solution  of  system  of  equations  (1), 
which  provides  the  minimum  of  integral  cnriterion  (2).  Special 
feature/peculiarity  of  this  task  - limitation  on  phase  coordinates, 
governing  functions  and  maximum  noise  level.  Task  can  be  generalized 
for  the  case  of  the  minimization  of  noise  on  terrain  sector  with  the 
assigned  boundaries. 


m 
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For  the  solution  of  this  problem  is  recommended  the  utilizing  of 
the  method  of  steepest  descent,  make  it  possible  to  investigate  the 
optimum  for  noise  flight  conditions  mith  the  aid  of  computer.  As  a 
result  IS  determined  the  most  advantageous  from  noise  program  of  the 
aircraft  control  taking  into  account  the  assigned  limitations. 


Fig.  21.  Calculation  of  the  optinua  control  SPS  on  computer  from  the 
conditions  of  providing  the  minimum  noise  in  locality  with  the 
takeoff  of  aircraft. 

Key:  (1).  be,  rad.  (2).  km. 


Page  36. 


This  method  was  used  for  determining  the  optimum  takeoff  paths 

of  a series  of  aircraft.  To  Pig.  21  are  given  the  calculated 
trajectories  and  the  optimum  control  with  takeoff  SPS,  obtained  by 
employing  procedure  described  above.  Control  point  after  rejecting  at 
a distance  of  6.5  km  from  the  beginning  of  takeoff /run- up.  The 
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initial  data  on  the  characteristics  of  aircraft,  necessary  for  the 
calculation,  are  borrowed  fron  work  [21].  Solid  lines  is  shown 
takeoff  without  a reduction/descent  in  the  engine  power  rating  and 
takeoff  configuration  SPS.  Optimum  control  of  a series  of  the 
parameters  from  conditions  of  the  maximum  reduction/descent  in  the 
noise  by  represented  dotted  lines.  The  attained  in  this  case 
reduction/descent  in  the  noise  exceeds  value  10  PN  dB. 

Thus,  the  proposed  algorithm  can  be  used  both  for  determination 
of  the  most  favorable  take-off  paths  of  promising  aircraft,  including  i 

.'PS,  and  for  the  purpose  of  an  increase  in  the  effectiveness  of  the 
developed  procedures  of  takeoff  for  the  operable  aircraft.  i 

Pages  36  and  37. 
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